Purpose: To describe current antihypertensive treatment in very old hypertensive patients according to sex and comorbidity. Materials and methods: We used the Stockholm regional healthcare data warehouse (Vårdanalysdatabasen) providing information on all healthcare consultations, diagnoses, hospitalizations, dispensed prescription drugs, sex and age in 2.1 million people living in the greater Stockholm region, Sweden. This cross-sectional analysis identified 12,436 individuals with a diagnosis of hypertension, who were 90 years or older. Results: Mean age was 92.6 ± 2.6 years, 75% were women; and 34% of women and 24% of men had no diagnoses of concomitant diabetes or cardiovascular disease. The number of dispensed drug classes was similar (2.1 ± 1.4) in women and in men. Women more often used angiotensin receptor blockers and beta-blockers, while men more frequently used ACE inhibitors and calcium channel blockers (all p < .05). Compared to men, women with concomitant diabetes or heart failure used less ACE inhibitors or angiotensin receptor blockers (52 vs. 60% and 49 vs. 55%, respectively; all p < .01and adjusted for age and comorbidity), which is contrary to current recommendations. Conclusion: Our findings suggest that antihypertensive treatment is common also in very old patients. Given the rapidly ageing population and circumstantial evidence in favour of maintaining well-tolerated antihypertensive therapy in very old patients, prospective well-designed outcome studies are warranted. ARTICLE HISTORY ] Cerebrovascular disease 28.1 [24.3-32.0] 15.9 [13.7-18.9] 26.5 [22.8-30.2] 45.8 [41.8-50.0] 50.9 [46.3-55.5] 5.2 [3.4-7.1] Diabetes mellitus 35.9 [31.8-40.1] 24.0 [20.3-27.7] 29.8 [25.9-33.7] 48.3 [44.1-52.6] 68.9 [64.3-73.5] 6.2 [4.1-8.2] ACE inhibitors: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CCB: calcium channel blocker; MRA: mineralocorticoid receptor antagonist. Proportions of patients presented in percentage and 95% confidence intervals, according to a registered diagnosis in the National Patient Register. Cerebrovascular disease included TIA and stroke. No cardiovascular disease was defined as hypertensive patients with no IHD, AF, CHF or cerebrovascular disease.
Introduction
Hypertension is common, with an estimated prevalence of approximately 27% in the adult Swedish population defined as !140 and !90 mm Hg systolic and diastolic, respectively, or ongoing antihypertensive treatment [1] , and similar rates in other countries [2, 3] . The prevalence increases with increasing age. It has been clearly demonstrated that blood pressure reduction by antihypertensive drug therapy substantially reduces the risk of non-fatal and fatal cardiovascular events [4] [5] [6] . The benefit of antihypertensive treatment appears to be similar in women and men [7, 8] . Emerging evidence suggests that anti-hypertensive treatment reduces cardiovascular events substantially also in the very old [9, 10] . Of note, there is circumstantial evidence for maintaining treatment in hypertensive patients 85 years of age and beyond [9, 10] . Thus, we need more information on the use, tolerability and efficacy of treatment of the very old to reduce the risk of cardiovascular morbidity particularly stroke and heart failure [11] [12] [13] .
Many countries have an ageing population. In Sweden, the current life expectancy for 2016 was 84 and 81 years in women and men, respectively, and for 2060, it is expected to be 89 and 87, respectively [14] . Indeed, about half of the Swedish population born in 2017 will reach an age above 94 years in women and 92 years in men. Thus, we can anticipate a large and rapidly growing population of very old patients in need of antihypertensive treatment. Primary health care is the basis of healthcare systems in many countries including Sweden, and the majority of patients with hypertension are treated in primary health care [15] . Multimorbidity goes along with an ageing population, and to improve health in patients with multimorbidity is a major challenge for primary health care [16, 17] . However, we still lack knowledge about effective treatment strategies in very old primary healthcare patients with hypertension, and few studies have reported on treatment, drug use, and comorbidity in these patients.
Furthermore, antihypertensive drug treatment has changed during the last decades for several reasons. The introduction of newer drug classes and subsequent changes in guideline recommendations [18] [19] [20] , patents expiring and subsequent generic substitution at much lower cost, and decisions by authorities on which drugs are included in the national reimbursement scheme and regional formularies [21] may have major impact on the choice of antihypertensive drugs prescribed.
To gain more information on current treatment of hypertension in the very old, we performed a large retrospective study using the data from the largest administrative health data register in Sweden (Vårdanalysdatabasen, VAL; the Stockholm regional healthcare data warehouse) [22, 23] comprising more than 2.1 million inhabitants, to describe treatment in hypertensive patients 90 years of age or older, in relation to sex, and comorbidity.
Methods

Study population
There were 292,623 persons 20 years or older with a recorded primary or secondary diagnosis of hypertension (ICD-10: I10, I13, or I15) anytime between 2009 and 2013 in the greater Stockholm region, Sweden [22] . For the current cross-sectional report, we identified all 12,436 patients who were residents in the region, 90 years old or above and alive and on 31 December 2013. Individuals who had moved to the Stockholm region during 2009-2013 were excluded.
The prevalence of hypertension diagnosed was calculated from census data obtained from Statistics of Sweden divided by the population, and stratified for 10 years age intervals for the same geographic region.
The drug classes recorded (with corresponding Anatomic Therapeutic Chemical classification system (ATC) codes) were angiotensin-converting enzyme inhibitors (ACE-inhibitors; C09A), angiotensin receptor blockers (ARB; C09C), beta-blockers (C07), calcium channel blockers (CCB; C08) and diuretics (C03A, C03B, C03C, C03D, C03E); amiloride was considered as a diuretic whereas mineralocorticoid receptor antagonists (MRA) were recorded separately. Other antihypertensive drugs (CO 2 ) were mostly doxazosin and moxonidine. Fixed drug combinations (C07F, C09B, C09D) were considered as two separate drug classes.
The Regional Ethical Review Board in Stockholm approved the study.
Data sources
The population of Stockholm County represents more than one-fifth of the entire population in Sweden (9,644,864 people on 31 December 2013 at the time of the study). The Stockholm regional healthcare data warehouse provides information about all healthcare consultations including hospitalizations, diagnoses and procedures, and sex and age. It contains encrypted, anonymized data linked through each patients unique identifier (personal identification number) [24] of each patient. The regional data warehouse contains all consultations in primary and secondary care (defined as specialist outpatient care) and all hospitalizations with diagnoses (according to ICD-10) and procedures. The information from hospitals corresponds to the information in the National Patient Register, managed by the National Board of Health and Welfare, which includes hospital discharges on a national level since 1964 and which is well validated [25] . In addition, the regional register contains data on consultations with diagnoses recorded in primary care, since 2004. We collected information on asthma/COPD, diabetes, cardiovascular comorbidity (ICD-10): diabetes mellitus (E10-11), previous stroke/transient ischaemic attack (I60-69 or G45), ischaemic heart disease (I20-25), congestive heart failure (I50), atrial fibrillation or flutter (hereafter termed atrial fibrillation; I48) and asthma/COPD (J40-45).
Data on dispensed prescription medicines correspond to the national Prescribed Drug Register held by the National Board of Health and Welfare which contains data on all prescription drugs dispensed in Sweden since July 2005, the age and gender of the patient, prescriber category, amounts and dosages, expenditures and reimbursement [26] . It has a high validity as more than 99% of all prescriptions are recorded with unique identifiers of each patient. Using the national Prescribed Registry, we collected data on dispensed prescriptions of antihypertensive drugs in 2013. In Sweden, a prescription is valid for one full year.
Statistical methods
Mean values ± SD and proportions were used to describe the study population. Differences between groups were assessed by the Student's t-test or the Mann-Whitney U test for continuous variables, and the v 2 test for categorical variables as appropriate. Age was adjusted for by analysis of covariance. Covariates adjusted for in univariable regression analyses were age and comorbidity. A probability (p)<.05 was considered significant. The statistical analyses were performed using the STATA software, version 13.1 (College Station, TX, USA).
Results
Patient demographics
There were 12,436 patients with a recorded diagnosis of hypertension aged 90 (range 90-109) years or above; 9362 (75%) were women. The mean age of those alive in 2013 was 92.6 ± 2.6 (range 90-109) years. With an estimated 22,376 people aged 90 years or above living in the region 31 December 2013, the approximate prevalence of diagnosed hypertension in this age group was 71% in women and 65% in men. Their age distribution and prevalence according to age group are shown in Figure 1 . A large majority of all the patients attending health care had their diagnosis of hypertension documented in primary health care, and approximately one-third of the patients were recorded in primary health care only ( Figure 2) .
In men, diabetes, ischaemic heart disease, and atrial fibrillation were the most common comorbidities (Table 1) . Approximately, 34% of the women and 24% of the men were free of comorbidity. More than one comorbidity was present in 24% in women and 33% in men. For example, documented concomitant ischaemic heart disease and diabetes were both present in 4% of the women and 6% of the men; and, concomitant ischaemic heart disease and heart failure were both present in 12% of the women and in 16% of the men.
Drug treatment
In women, the most commonly dispensed antihypertensive drug classes were diuretics, beta-blockers, CCB, and ACE inhibitors. In men, the most common drugs were diuretics, beta-blockers, ACE inhibitors, and CCB ( Table 2 ). The use of MRA was 6% in women and 5% in men. Very few (0.3% of women and 1% of men) received other antihypertensive drug classes (i.e. C02), mostly doxazosin (90%) and moxonidine (8%) in combination with other antihypertensive treatment. The numbers of drug classes were the same in women and in men (2.1 ± 1.4).
Women were more often treated with beta-blockers, ARB, and CCB, whereas men were more often treated with ACE inhibitors ( Table 2 ). In men, the number of drugs appeared to decrease with age for all drug classes, whereas in women the changes with increasing age were small (data not shown). Compared to patients with no cardiovascular disease or diabetes, the use of beta-blockers was more common in patients with ischaemic heart disease, atrial fibrillation and heart failure (63, 63 and 59%, respectively) ( Table 3) . ACE inhibitors and ARB were more common in hypertensive patients with heart failure and diabetes. Thus, ACE inhibitors or ARB were used in 49% in women and in 55% in men with concomitant heart failure (p < .01 between women and men, adjusted for age and comorbidity), and in 52% in women and 60% in men with diabetes (p < .01 between women and men, adjusted for age and comorbidity). The use of MRA and diuretics were more common in patients with concomitant heart failure and atrial fibrillation.
The most common drug combinations in women were beta-blockers and diuretics, diuretics and CCB, and beta-blockers and CCB; and in men beta-blockers and diuretics, diuretics and ACE inhibitors, and betablockers and ACE inhibitors. The use of combination therapy with more than two drug classes was common, and 65% of the patients received 3 or more antihypertensive drugs.
Discussion
This study is more than 12,400 patients 90 years and older appears to be the first large study in very old hypertensive patients in real-life providing contemporary information on drug use and comorbidity. We show that 80% of these patients attend primary health care for the treatment of their hypertensive disease. Thus, it is most appropriate to study this age group in a primary healthcare setting.
We found that approximately one-third of the very old patients with hypertension in our study were free of cardiovascular comorbidity, diabetes, or COPD. Overall, women had less cardiac, cerebrovascular and diabetes comorbidity, while the presence of COPD was similar in women and men. These results are in general agreement with our findings in middle-aged and older hypertensive patients [22] . However, in those patients, COPD was more common in women than in men, which might be attributed to smoking being more common in women. Furthermore, stopping ongoing antihypertensive treatment in the very old appears to be associated with worse prognosis [11] and other results [10] suggest that antihypertensive treatment may provide an improved prognosis also in the very old. This study is the first to report on dispensed drugs in this very old age group. This gives a better reflection of medications actually being taken by the patients than only information of prescribed drugs. The use of diuretics and beta-blockers was very common. These findings could be explained by the fact that antihypertensive medication was initiated several years back at a time when these drug classes were considered first-line drugs, and changes in prescription patterns are slow if treatment is well tolerated and acceptable blood pressure control is achieved. Indeed, the use of beta-blockers and diuretics in newly initiated antihypertensive treatment is rapidly decreasing in Sweden [27, 28] . While the use of ARB drugs was similar in women and men, ACE inhibitors were more common in men. The results indicate that concomitant cardiovascular disease and diabetes influence the choice of antihypertensive drug classes, as expected. However, compared to men, fewer women with concomitant diabetes or heart failure were taking ACE inhibitors/ARB drugs, despite these drug classes being recommended first-line drugs in both women and men for diabetes and heart failure with reduced systolic left ventricular function [20] .
A strength of this study is the extensive validated database used, comprising close to 12,400 patients 90 years or above with hypertension, and representing real-life data from unselected patients from care providers in primary and secondary health care [22, 23] . We used data that automatically extracted from the records avoiding selection bias in patients or physicians, and included information on dispensed drugs, which reflects treatment better than prescribed antihypertensive drugs. Thus, there was no selection bias in patients or physicians due to any voluntary participation. There are also important limitations to consider. We only reached patients attending care with a recorded diagnosis of hypertension and people with unrecognized disease were not included. Patients and diagnoses from private caregivers and nursing homes are missing in the regional database used in our study, and could account for approximately 20% [29] . However, most of these people would be included by other means because they have been hospitalized or have had consultations in public health care, and their medications are available in the Prescribed Drug Registry [26] . The physicians in charge of the treatment of these patients were responsible for the diagnoses. The validity of the Swedish National Patient Registry is high [25] but the accuracy of diagnoses in primary care is less well studied. When patients are admitted to hospital the accuracy of comorbidity diagnostics is considerably higher. We did not have access to blood pressure recordings in the individual patients, as this information is not available in the administrative health data register of the Stockholm region, the available information on dispensed drugs does not allow us to differentiate between patients on combinations of several drugs and those switching from one drug to another within the same time span. Frailty confers a risk for complication and for mortality, and dementia is associated with both frailty and with complications. Both combinations are common in very old and may be confounder for antihypertensive treatment [30, 31] . Unfortunately, we do not have information available on functional status in this study population. Finally, our results were obtained 2009-2013 and the treatment of very old patients with hypertension may have changed today, given current guideline recommendations for broader treatment in the very old [20] .
In conclusion, this study provides unique data from more than 12,400 hypertensive patients 90 years and older, an age group not well described before. Approximately, one-third of the patients were free from cardiovascular co-morbidity and most patients were attending primary care. Given the rapidly ageing population and circumstantial evidence in favour of maintaining well-tolerated antihypertensive therapy in very old patients [12] , these findings warrant prospective randomized controlled outcome studies to establish optimal treatment in the very old hypertensive patient.
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